We have previously reported that fatty liver is easily induced in a novel experimental animal, Suncus murinus (suncus) by withholding food, and that apolipoprotein B (apo B) is not actively synthesized in the liver. In the present paper we describe the effect of starving and refeeding on lipid and lipoprotein metabolism in suncus, in order to explore the mechanisms of induction of fatty liver by starving and of its improvement by refeeding. Starvation induced increase in triglyceride content and decrease in glycogen content of the liver. Although the glycogen content returned to the level before starvation at 12h after refeeding, the triglyceride content decreased gradually but did not reach the prestarvation level even at 24h after refeeding in suncus. Plasma lipids, glucose, and insulin levels were decreased by starvation and returned to the levels before starvation between 8 and 24h after refeeding. On the other hand, the plasma levels of free fatty acid and ketone bodies were elevated significantly by starvation and decreased rapidly by refeeding. These responses to starvation and refeeding, except for the change in hepatic triglyceride, are in common with other experimental animals, suggesting that there are no abnormalities in glucose metabolism or in fatty acid metabolism in suncus. In conclusion, the fatty liver induced by starvation in suncus may be caused by impaired triglyceride transport out of the liver, for which apolipoprotein B is mostly responsible, as reported previously.
Suncus murinus (suncus), which belongs to the family Soricidae of the order Insectivora, is regarded as the direct ancestors of the Primates in the phylogenetic system. Recently, suncus has been introduced as an experimental animal, and has provided a novel experimental animal model for emesis (1) .
We reported previously that fatty deposits in the liver were observed after 24-h starvation in suncus and reversed simply by refeeding (2) . Such a phenomenon is not ob served in other experimental animals. Triglyceride esteri fied in the liver from plasma-derived fatty acid is stored as droplets or secreted in the form of very-low-density lipo protein (VLDL), whose secretion depends on the synthesis of apolipoprotein (apo) B as well as triglyceride (3) . Although the secretion rate of VLDL usually depends on the rate of triglyceride synthesis in the liver, the secretion of VLDL does not occur when apo B, a vehicle of triglycer ide, is not synthesized, thus leading to fatty deposition in the liver.
We have found that the active synthesis and secretion of apo B are defective in the suncus liver (4) . The defect of apo B synthesis may be one of the reasons why fatty liver can be induced so easily. However, other possibilities such as enhanced lipogenesis or depressed oxidation of fatty acid remain to be investigated.
In this study we investigated the effects of starvation and T . Ohama et al. state at 8h after refeeding. Plasma TC and TPL also increased after refeeding and reached the prestarvation levels between 12 and 24h after refeeding. Although the plasma levels of TG, TC, and TPL were very low in comparison with those of rats, the plasma level of free fatty acid (FFA) was comparable to that of rats as reported previously. Starvation induced an almost 6-fold increase in plasma FFA, and refeeding resulted in a prompt decrease in the plasma level of FFA, which reached the prestarvation level before at 8hr after refeeding as shown in the upper panel of Fig. 4 . The effect of starvation and refeeding on the plasma levels of ketone bodies, which are the indicators of fatty acid oxidation, is shown in the lower panel of Fig. 4 . The plasma level of ketone bodies was increased significantly by starvation and decreased to reach the prestarvation level at 8h after refeeding.
DISCUSSION
We found that fatty liver was easily induced in suncus by starvation and improved simply by refeeding. This phe nomenon is not observed in other experimental animals.
The balance of hepatic lipid is controlled by synthesis of triglyceride and secretion of VLDL. Hepatic triglyceride synthesis is usually regulated by the availability of fatty acids. In the well-fed condition, fatty acids are synthesized in the hepatocytes, esterified with glycerol, and then secreted into the blood in the form of VLDL. However, in the fasting state, fatty acids are liberated from adipose tissue and introduced into the liver, where they are con verted into ketone bodies. The selection between secretion in the form of VLDL and conversion into ketone bodies is made according to whether the fatty acids enter the mitochondrial matrix (6) . Long-chain fatty acids traverse the inner mitochondrial membrane only if they are esteri fied to carnitine. Carnitine acyl transferase I, which cata lyzed the formation of acyl carnitine on the outer face of this membrane, is inhibited by malonyl CoA, the com mitted intermediate in the synthesis of fatty acids in the liver (7, 8) . Thus, when long-chain fatty acids are being synthesized, as in the well-fed condition, they are prevent ed from entering the mitochondrial matrix, the compart ment of ƒÀ-oxidation and ketone body formation. Instead, these fatty acids are incorporated into TG and PL and are secreted in the form of VLDL. In contrast, the level of malonyl CoA is low in the fasting state, so a part of the fatty acid liberated from adipose tissues enters the mitochon drial matrix and is converted into ketone bodies and another part is incorporated into TG or TPL.
In suncus, plasma FFA was increased several times by starvation and the ketone bodies were also increased significantly as shown in Fig. 4 , indicating that long-chain fatty acids were introduced into the mitochondrial matrix after being esterified to carnitine and were converted into ketone bodies. This evidence suggests that it is not defi ciency of carnitine itself or carnitine transferase I (9), which causes fatty liver in suncus.
The plasma levels of insulin and glucose were decreased significantly by starvation (Fig. 2) , and hepatic glycogen also decreased as shown in Fig. 1 . These responses to starvation were in common with those observed in other experimental animals, indicating that there are no abnor malities in glucose metabolism in suncus.
Hepatic triglyceride contents decreased very slowly after refeeding and did not reach the level before fasting, as shown in Fig. 1 , suggesting a defect in secretion of TG from the liver. Hepatic triglyceride is synthesized in smooth endoplasmic reticulum and is assembled with apolipo protein B, which is translated from the mRNA at the rough ER, then incorporated into a premature VLDL in Golgi apparatus and secreted as a mature VLDL after some modifications. Thus, the secretion of hepatic triglyceride is dependent on the production rate of apolipoprotein B as well as triglyceride in the liver (10) .
There is little evidence that the mRNA level of apo B is significantly regulated by dietary factors in mammals. Ingestion of cholesterol and saturated fats markedly in creased plasma apo B and LDL cholesterol levels, but no increase in hepatic apo B mRNA level was found in animals (11) (12) (13) (14) . It has recently been reported that the total apo B secretion level was decreased without a change in apo B mRNA level by fasting in rats (15) . These results indicate that apo B synthesis is regulated by a post-transcriptional mechanism (16) . The post-transcriptional factors govern ing apo B synthesis and secretion rates are currently not fully understood. Sato et al. reported that a portion of the intracellular apo B may be degraded but not secreted (17 19) and suggested that metabolic conditions affecting lipid availability, such as fed or starved condition, may influence the portion of the intracellular apo B pool that is secreted. We reported a defect in active synthesis of apo B in suncus (4), which is responsible for induction of fatty liver by short-term starvation. We also observed that the fatty liver induced by starvation was reversed by refeeding, raising the possibility that intracellular lipid traffic is modulated by the change in apo B synthesis. Thus, suncus may be a good animal model for the study of intracellular regulation of apo B.
In studies on a few patients with abetalipoproteinemia, a recessive disorder characterized by the absence of VLDL and LDL fractions, both apo B mRNA and protein have been identified in hepatocytes (20) , and hepatic steatosis has also been documented in the patients (21) , indicating a similarity to the suncus. Wetterau et al. reported the absence of microsomal triglyceride transfer protein (MTP) in individuals with abetalipoproteinemia (22) . The MTP mediates the transport of TG, CE, and PL between membranes, suggesting a function in the assembly of plasma lipoproteins. The defect of MTP maybe involved in the formation of fatty liver in suncus, and this point is now under investigation.
